Oncogenic ras mediates apoptosis in response to protein kinase C inhibition through the generation of reactive oxygen species.
Ras is a well established modulator of apoptosis. Suppression of protein kinase C (PKC) activity can selectively induce apoptosis in cells expressing a constitutively activated Ras protein. We wished to determine whether reactive oxygen species serve as an effector of Ras-mediated apoptosis. Ras-transformed NIH/3T3 cells contained higher basal levels of intracellular H(2)O(2) compared with normal NIH/3T3 cells, and PKC inhibition up-regulated ROS to 5-fold greater levels in Ras-transformed cells than in normal cells. Treatment with N-acetyl-l-cysteine reduced both the basal and inducible levels of intracellular H(2)O(2) in NIH/3T3-Ras cells and antagonized the induction of apoptosis by PKC inhibition. Culturing NIH/3T3-Ras cells in low oxygen conditions, which prevents ROS generation, also inhibited the apoptotic response to PKC inhibition. These results suggest that reactive oxygen species are necessary as downstream effectors of the Ras-mediated apoptotic response to PKC inhibition. However, the generation of ROS alone is not sufficient to induce apoptosis in Ras-transformed cells because inhibition of cell cycle progression prevented the induction of apoptosis in NIH/3T3-Ras cells without inhibiting the generation of intracellular H(2)O(2) observed after PKC inhibition. These findings suggest that continued cell cycle progression of Ras-transformed cells during PKC inhibition is also necessary for the induction of apoptosis.